General Disclaimer 


One or more of the Following Statements may affect this Document 


• This document has been reproduced from the best copy furnished by the 
organizational source. It is being released in the interest of making available as 
much information as possible. 


• This document may contain data, which exceeds the sheet parameters. It was 
furnished in this condition by the organizational source and is the best copy 
available. 


• This document may contain tone-on-tone or color graphs, charts and/or pictures, 
which have been reproduced in black and white. 


• This document is paginated as submitted by the original source. 


• Portions of this document are not fully legible due to the historical nature of some 
of the material. However, it is the best reproduction available from the original 
submission. 


Produced by the NASA Center for Aerospace Information (CASI) 



JA TECHNICAL MEMORANDUM 


NASA 


TM-75^76 


"vENUS^ON^ AN°AMS^Op C THE^ VENERA- 12*^ USIKO ^oSS? 


. • 
L.M. 


Gel' man, V.G 

Mukhin, d.f. 


Zolotukhin, N.T. Iamonov, 
Nenarokov, B.P. Okhotnikov 
A.N . Lipatov 


B.V. Levchuk, 
, V. A. Rotin, 


(NASA-T«-7‘i4 76) AN ANALYSIS C* THE CHEMICAL 

COMPOSITION OP THE ATMOSPHPRE OF VENDS ON AN 

AMS OF THE VENPRA-12 USING A GAS 

CHROMATOGRAPH (National Aeronautics and 

Space Administration) 13 p HC A02/MP A01 Gl/^1 


N79-25964 


Onclas 

23381 


Translation of "Analiz khimicLeskogo sostava atmosfery v.nerv 
Iranslatlo ^ ^ Venera- 12 * a zovym khromatocrafom » Acaderry of 

Sciences USSR, Institute of Space Research, Moecov, Pcport 

1070. nAi/es 



NATIONAL AERONAUTICS AND 
WASH! NOTON, D.C. 205^6 


SPACE ADMINISTRATION 
JUNE 1979 



AN ANALYSIS OF THE CHEMICAL COMPOSITION OF THE ATMOSPHERE OF 
VENUS ON AN AMS [ Avtomaticheskaya mezholanetnaya stantsiya 
Robot space station] OF THE VENERA-12 USING A GAS CHROMATO- 
GRAPH 

B.G. Gel' man, V.G. Zolotukhin, N.I. Lamonov, B.V. Levchuk, 

L.M. Mukhin, D.F. Nenarokov, B.P. Okhotnikov, V.A. Rotin, 

A.N. Lipatov 

When studying planets of the Earth group, the study of /l* 
the chemical composition of the atmosphere is of particular 
interest inasmuch as the data on the composition of the at- 
mosphere makes it possible, to a significant degree, to 
judge the evolution of the planet. 

For solving this problem, Simma gas chromatographs were 
installed on the SA [Silovoy agregat, power unit] AMS of the 
Venera-11, 12. The distinguishing feature of the Sigma 
chromatograph is the use of a high sensitivity ionization 
detector in it based on the use of the Pennig effect in rare 
gases (Rotin, 197*0. Selection of the detector, to a con- 
siderable degree, was determined by the general structure 
and meteorologic characteristics of the chromatograph. 

A block diagram of the Sigma chromatograph is presented 
in Figure 1. 

An analysis of the gas sample and the calibration mix- 
ture was carried out on three sequentially located columns 
and detectors. The first column, 2 m long, is filled with 
a modification polysorb designed for separating sulfur com- 
pounds H 2 S, COS, S0 2 and moisture in carbon dioxide. Separa- 
tion of low-boiling gases — helium, hydrogen, argon with 
oxygen, nitrogen, krypton, methane and carbon monoxide — 

*Numbers in the margin indicate pagination in the foreign text. 
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were separated In the second column which Is 2.5 m long with 
molecular screens (Kiselev et al., 1967). 

Three columns — a reactor 1 m long; with reduced manganese 
was used for deterr ining the content of argon. 

The threshold of sensitivity of all three detectors for /2 
pure neon in a state of saturation by a current was found at 
a level of 10“ 5 volumetric % which guaranteed sensitivity of 
the analysis at a level of 10“ 4 volumetric % with the volume 
of the working charge less than 1 cm 3 (Okhotnikov et al., 1978). 

The design of the sampling device precluded the entry 
of gases filtered from the sheathing of the spacecraft Into 
the chromatograph. All of the columns of the detector, and 
also the input reductor of the sampling block were placed in 
a special thermostat whose temperature on standard procedure 
was 70+l°C. Flectrometric amplifiers and voltage-frequency 
converters which together with the direct current voltage source 
made up the measuring system of the ionization detectors 
were also pieced in this same thermostat. 

Due to the high sensitivity of the ionization detectors 
to the admixture in the gas carrier, certain units of the 
chromatograph, after the cycle of ground calibration was 
completed, were hermetically sealed to prevent leakage of 
extraneous gases in the period of storage, testing and 
flight. 

The operating program of the Sigma chromatograph on the 
descent vehicle of the AMS Venera-11-12 included the fol- 
lowing operations. 

For approximatelv 4 hours before entry into the atmosphere 
of the Venus planet, tna stop devices on the cylinder with 
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the gas carvier and the ejection lines were opened, the 
thermostat for the columns were switched on and the chromato- 
graph was blown with the gas carrier for a period of hours. 
After entry into the dense layers of the atmosphere during 
descent from 65 to 5^ km from the surface of the planet, the 
following were accomplished: depressurization of the instru- 

ment for sampling, opening of the stop device on the cali- 
bration mixture line and preparation of the control cycle 
for analysis. 

At these altitudes, absolute pressure in the atmosphere 
of Venus is less than 1 kg/cm 2 and therefore a sample was not 
taken from the atmosphere for control analysis, but the gas 
carrier with contaminants present in the instrument was 
analyzed . 

During descent from an altitude of ^2 km to the landing 
moment of the descent vehicle, 8 analyses of the atmosphere 
of the planet were made. Fifty-four chromatograms were 
obtained of which 18 corresponded to the readings on detector 
1 (determination of sulfur compounds of water) and 27 analyses 
of constant gases. 

Information on the results of chromatograph analysis in 
similar form were transmitted on a telemetric panel and simul- 
taneously chromatograms of the first three cycles of analysis 
were recorded in the memory of the instrument. The typical 
form of the chrom- togram is presented in Figure 2. 

An analysis of the control chromatogram and the chroma- 
togram of the atmosphere of Venus reliably indicated the 
presence in the samples studied, besides the main component, 
carbon dioxide, of admixtures of N 2 , Ar, CO, S0 2 . The com- 
ponents indicated were identified according to holding time. 
Identification of argon was accomplished according to the sign 
of the signal of the neon detector in the form of partial 
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oxidation of the manganese reactor. 


A quantitative Interpretation of the chromatograms 
obtained made it possible to calculate the change in fre- 
quency of the pas-carrier and contamination of pas communi- 
cations of the chromatopram in the storage period and during 
flight to t: The studies of operation c 

detector in the saturation current condition, with different 
stapes of contamination of the pas-carrier, indicated the 
possibility of distortion of the calibrated curves in the 
prethreshold field of concentrations resulting In negative 
signals for substances with high ionization potentials: argon, /£ 

hydrogen, nitrogen and sulfur ..ioxide. This characteristic 
made it possible not only to identify the A peak but also to 
reproduce the cpxibrated characteristics of the chromatogram dur- 
ing thecontamination conditions under which the instrument 
op- rated . 

The calibrated characteristics were recreated with 
standard values of pressure, temperature and consumption of 
the gas carrier. In order to exclude the effect of the 
activity of 6-sources on the characteristics of the calibrated 
curve, the heights of the peaks of the substances analyzed 
wege standardized for a value of a maximum signal of a 
detector according to the hydrogen in the calibration mixture, 

CO 2 and N 2 . 


During analysis of low-boiling gases, the second and 
third detectors duplicated the ratings although they had 6- 
sources of different activity and operating in different 
contamination conditions. This circumstance made it possible 
to make independent calculations of the concentrations of 
components studied. 

The heights of the peaks of nitrogen on the chromatograms 
of the atmosphere of Venus amounted to ^0? and 32 % of the 
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maximum signal for the second and third detector, respectively. 

In spite of such a significant difference, the measured 
values of the concentrations of nitrogen, according to an 
independent calibrated curve, coincide well. A similar method 
was used for reproducing calibrated curves for the remaining 
components . 

The content of oxygen was not reliably established due 
to partial oxidation of the manganese reactor. However, 
laboratory testing of the characteristics of the neon de- 
tector when the Sigma instrument was opera- 
ting showed that a negative signal for argon is reproduced /5 

only in a case when the concentration of oxygen in the mixture 
Is noticeably smaller than the concentration of argon. It is 
Just this circumstance that is the basis for considering that 
a concentration of oxygen in the atmosphere of Venus is at 
least smaller by 2 • 10~ 3 ? of the volume. 

Due to the strong overload of the first, detector, the 
sulfur compounds must lag behind the chromatograph peak of 
carbon dioxide. Therefore, for a quantitative calculation of 
concentrations of the sulfur dioxide detected, a standardized 
calibrated curve was determined from analysis of the model 
mixtures made up on a base of carbon dioxide. 

The results of analysis of the atmosphere of Venus, 
using the Sigma ga3 chromatograph, are presented in Table 1. 

An evaluation of the concentration of water vapors in 
the atmosphere of the planet 'causes definite difficulties in- 
asmuch as the control analysis showed the presence of mois- 
ture itself in the Instrument. As a result of this, a 
detailed analysis of the chromatograms makes it possible to 
indicate only the upper limit of concentrations of water 
vapors. According to preliminary evaluation, the content of 
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TABLE 1 


Components 

Concentrations in volumetric % 

2 ' 

2.5 + 0.5 

At 

CO 

1 

• 

CM 

+ 1 

00 

ft. 8 z 1.4) . IU -3 

o> 

(1.3 +0.6) • ICT* 


moisture in the atmosphere of Venus at all altitudes when 
measurements were made was less than 0.01' by volume. 

Making the results of analysis more precise as to /6 

moisture and oxygen, and also identification cf the peaks of 
those hypothetically corresponding to the presence of hy- 
drogen, COS, HjS, require computer processing of the chromato- 
grams and additional laboratory modelling with the Sigma in- 
strument operating. These studies are being done at the 
present time. 

There is interest in compilation of the results of the 
Sigma instrument and the Pioneer-Venus gas chromatograph 
(Oyama et al., 1979). On the whole, coincidence of the results 
is good although there are two components for which there are 
significant differences in the measured concentrations. These 
are oxygen and water vapor. The characteristics of the neon 
Sigma detector are such that in the range of concentrations 
of Ar i 60 ppm, its chromatograph peak is inverted. This 
peak for oxygen, for the entire range of concentratio s 
measured, is always positive. Therefore, if the oxygen had 


8 




Figure 3: Calibration curves of the second and 

third detectors 


ORIGINAL PAGE IS 
OF POOR QUALITY 


9 



been resent In a quantity of 60 ppm, then on the Sima 
chromatogram one would not have obtained the negative peak 
of arpon. This fact was eataolished in laboratory tests. 

The content of water vapor obtained by the pas chromato- 
graph on the Pioneer-Venus (less than O.^t) is clearly hlrh 
because similar quantities of p:as vapor on the Slrr i instru- 
ment would certainly have had to have been recorded. 
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